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ABSTRACT 



PROBLEM TO BE 
element, by 
large grain 
efficiency as 

and also to 
photoelectric 



SOLVED: To provide a method for manufacturing a semiconductor 
which silicon layer having a sufficient thickness and having 
sizes necessary to obtain a high photoelectric conversion 
a solar battery can be manufactured with a high productivity, 
provide a semiconductor element which can exhibit a high 
conversion efficiency when used for a solar battery. 



SOLUTION: The method for manufacturing a semiconductor element includes 
steps of forming a crystalline silicon layer of polycrystalline silicon or 

fine crystalline silicon on a substrate, forming an amorphous silicon layer 
on the crystalline silicon layer, and crystallizing the amorphous silicon 
layer by irradiating a surface of the amorphous silicon layer which a laser 
to make rough silicon crystalline grains in the crystalline silicon layer. 
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[0 0 4 9] tfz. ±ti(r)X^i,zm^±i<zmif^m^~ 
#a It <7)iaffi±# L tt-f , jfi (± T * 7 

T7. v'j 3 >-<oj 4 1 ^ (9 . tajx.ff. *:l®®?fetLT<o 

[0 0 5 0] *^?q(±, ±i£c7):^r^iciDx.> ^^ic^t 
O^^ftSriltt-r^tOT-i^)^, i-^t>*>. (1) *«± 

tc, K->'^•> Ko-i-*fi*n 0'* cm-3m±-e**, # 

iggi V .J 3 V t (±{giga -> >; 3 > <b K - re 5: 

ji^figi-^xet, (2) miBK-ri^iic. K-^oh 

50 ;t V -J 3 V e> 5: ^ y > K - ye «r J^fiKi- X 



-6- 



11 

et. (3) iriE/> K-y^SMfii-— r^HSML 
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If J:v^o 

10 0 5 4] »«±tc?B^$;*t^, K-y^c^Jl^Ji, 
1 - 1 0 mT-* -J. i t L < , 1 . 5-2 fx mX' 

■eab*»-^«i> IKJf***^m?lfci: LT^S^r^-SffllfiJl- 
[0 0 5 5] 2l«tc, iieo J: 9 Lr K- -fM iW-^ 
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v- u 3 V J tz \tW^^ V >; 3 > e, s V U 3 > JB 
do 

[0 0 5 7] v--fm±.\zyyv-fm^w^iSL-r^-fjm 
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*fi**l 0'5cm-»*8lt^:*J:otC, ^J-y7>ifX 

[0 0 5 8] f^^^tt^y > K-ySf <0 K-v'N'V KO 
#^1:^: 1 0'5 cm-3*ili:1-^fc«6icii, CVDft?: 

[0 0 5 9] :$:^egici5V^T. y > K-r^OH^Ji. 
0. 01-0. 5;t/mt?*S:ii:^«ftfiL<> 0. 1~ 

0. 3;«mT-a^^C:t;6*J: Lv^o y> K-y^O 

I8ts*»i^ 5r < 5j ^) *:> , K - y/g tcfss-r i> m&t^- 

*'5)o — y > K-r^oUS^i^O. 5//m5rSx.* 
[0 0 6 0] i<OJ:o{CLT> *«±U K-y)g*5J:I>' 

y > K- re «r i ojntcs^* l fcf^, yyv-fmn^ 

[0 0 6 1] ^ c:t:% -> 'J 3 >*gfB*5<o«:*:'fb<05eft. 
*J i xfmzim(r>'y ') 3 VieB^B!Ko»««;^i4;esti± 

[0 0 6 2] y > K-7'e«MUV'— ^f=£^HB*f•r■^.^'& 
^^♦§75*3 0-5 0:^y^^'T-^b^^><O^:. 10 0-100 
0 m J / c m2 ;u +--|&J^ f BB|}-t- ^ C t t 

Lv»o >'^V^Xlfi3 0-5 0-f-y&X'^i>m^. 
-^■mt2 5 0- 6 0 Om J/cm2-e*-5>i t/i^'i '0 
4?fLv^o J^?^;i'^-56ft*^2 5 OmJ/cm^^ilT- 
^'i.^&^Ji, y y h'--:fm<7)mm^^mt^mt-ti>m[^i~ 

1 0 0 Om J/cm2*je-rJ»-g-{i, V'J3V^ 

[0 0 6 3] y > K--/S«ffiUV— 9-'«rBB|;fi-^h. 
y > K-ySJi K-7'«tCJt'<TV— fORtt^^StfS 

I? , K - re * o V u 3 V igSife<oa:*c<b**«ai- ^ o 

zot^. >"j 3 >^Bliacojffl:*:fbf±> y > K- re* 

m^^hO. 8-2. 0 ;um<0^S4T'^i:^ii:**«f 4 
50 L<> 1-1. 5 /im<08l$*-C^i:*ii:**J: 
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5a^*^±#-r -5. ffllfil I- ab -i. o 
[0 0 6 41 ±mLtzi¥^^i$mf-<r>9km:f3^iznLx. 

If. ;kl®m?t!lffl->'^ LTffSUfflv^* 

[0 0 6 5] i-^^p*>. (1) ««±tc> ^l^rnMK 
-^-N- > h ^ 1 0' 5 c m-HA±^mi-^. V 'J =1 > 

i Ttli^^alivU K-7'Ji*?^ffif -SX^ 

(2) iKrfeK-:/S±tc, lljrf5^1««l!K-/fv 
f (ry^mO)^ 1 0' 5 c m-3*«T-$)^ . #^B^B -> 'J 3 > 

i tzitw^^ V >; 3 vtJ^ <b ^ * y > k- t')! mm-^^ 

TMt. (3) miE^ V K-7'@a®tCU-Hf=^BB#tL 

igB^BS^ffiP^'fb^Hir-l.Xgt. (4) frfs/ > K-T-e 
tC^2*ieS K-''^•>' h?r^:J->?tA-r^xei:^-^tr 

[0 0 6 61 ±K<0:^ftlcL3t*^oT. />K-7'g« 
ffitCl^— If *HBttf -5 t >' V K--/^**®B!-t^o y > 

ifg«i:^^o ^«±tcy > K-y^c^.^^comH^fML 
W-^fflSttt:: J: •) y v K-^SO^M^a/ilt** 

[0 0 6 7] )ik±W^\.tz X. 0 ic> V-^fHBMU J: ^ V 
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#^B^B -> U 3 > i ;t li^i^B^a V 'J =1 > <b ^: ^ *£b%14 -> 

h <75-i-*l::^n O's cm-3J-J,±-Cib^#-*gB^v'; a>i 
/-JiS^igSv'; :3>*'C)^^ K-7'g±tc, K-^<>h 
<7)-i-*a7)*l 0'5 cm-3*S|-r-*/&^igS->'j 
{i«ifeSv';3V56»«b^;*y >K-7'e«:B«U> fey 

[0 0 6 81 ±5ELfc:$:|§|qo###:^i=-OSSii:^fttc 
i I) , &.T<Oi:'> ii:%^i:^\^tz^^^^=f-i:'^i. Z t 

7i^~-el^o •T'ttJt.^ (1) ^1 o^st^fe^^t^ig 
(2) ®««±(c?l^^$*i-^c, ^i^SvU 

3 > i (±^^s "J 3 V fb ^ ^ ^fal4 V <; 3 

t> (3) fei^S1tv';3>SJi»cj^fiE$ir7t, a;fc:ft 

? tt/^ -> i; 3 $$B^pe ^ ^ ig^att 3 i: . 

(4) mm.±it^itfz'> ^) =1 y^^u^sr^-r^m^Bii-^ 
[0 0 6 91 zcoi^-^mm^^Lfz^mi^m^ii. m 

i:^:»)±IE^2eoB;g{i^mS«i:5r-So m2<r> 

'mmummviizm-fs. l r«iBss t -r ^ i t **r- ^ „ 

^^hfi^o tfz. i&±^t^ixfz'y')='ym^Ui^■ti> 

m^B^-y') ^lymcom^ii. o. 8-2. Ofxmx^z, 

Z.t-h^Ut\^<. 1-1. Z fimX'hhZt^iiy)^t 

[0 0 7 01 :ifi%m<r>^^wm^\zii^^x[t. fljia^SB^B 

5 0 nm-e*, I) , mzm.±i\:^iXtzy 'J 3 

g(±5 0 nm- 5 0 0 /t/mT-ib^- t*«*f i Lv^c -KO 

m'^mzm^-fzW;^(r>itm^mim'k s.^-^<-rhzt 

40 [ 0 0 7 1 1 

[0 0 7 21 fr. S«±t;Bfi6:^*i-;t^a->'J 3>S 

<r>v-^it>,zi^-ti>K^w^<nm^in^tz m^mi- 

8) „ 

[0 0 7 31 (##t^i ~8) ^1 tc^-f-io^m^o 

*y->7> (SiH4) **Xt->***^> (BzHe) -ff:^ 

tfzHA^m (H2) ■n7.(r>m.'^iT7.^ ^)L<(4^yv^ 

50 > (SiH4) *'X(0#Jffi*';^«rfflv»-C, T'^XvCV 
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DftU J: ») V 3 >^±{;^i^fB-> ')^yi fzitfSm * [0 0 7 4] 







1 


S i H4l3j;Z/fS i H4l-?^bT 1 %OB2H6 




S i H^^JlVS i HitC^L-C 1 0 ppnKDBzHg 




S 1 H4*J J;VS 1 H 4(1^ LTSppmCDBzHfl 




S i H4*Jj:trS i H4{C?^ 1 p pmCDBzHfl 




S i H4*5J:VS i H4lw*f UT 0 . SppmtDBzHe 




S i H4*>J;VS i Hitc^tvtLT 0 . IppmCDBzHj 




S i H4CD«^ 




S i H4feJ;VS i H4t-*fL-C4 0 0%<OH2 



[0 0 7 51 ^ttibOg^ttvV =?>««®(C*tLT«^ 
ft248nmCOKr F l^-^f «rHS|+ LK*)-^ 

(%) '^iSa^L^'Co nhftfz^^imwZTT^'fo 

>S*St^^^i"'?)^S2 4 8 nmOK r F J:■^'>•7^'- 
[0 0 7 6] m t:^$tt^i:9(c. lppmJ^±Ov 
> Sr#tf ^ y -> ^ > v^TB^ ^ fitzB. 

-^fog:*f^{i6 o%Ji^±-e*o/ioic^tLr. i p p 

^$tL7l:®*gB^BV'; rj>@^M. -ty v^>:^'X(r)<;^;^- 
(i±lfiK r FJ^^vvP--ifcOR#t^(i4 0 %J^:JlTT-$> 

\Z\^fzi)^<:>X. 4 8 nmCOK r F J:-^ v^r l^— 

[0 0 7 7] ^ivt:. v'j n>|^fa*lcr)m:^<bO*«^S:^T 

(^Jfe0lJ 1 1 1 . it«^ 1 2 ) o 
[0 0 7 8] (HifeMl) ^y (S i H4) if 7s 

tV^^^yy (B2H6) :^*X(7)rS^:^*x (^yv^>:^*y^^ 
iiZm^X 2 p pm<Di^ yV^yy if T^'k'^^) CV 

')'=iymiW^WLLfzo vUrj^lS^oiajS* 
8 0 o'ctc^if tr 2B$ra$gK^ffo/.:o :;^v^r% 



fZo 

[0 0 7 91 'i%htifz^mi^m'F<ommm^m2 ^zm 
-To m2K7j^^ft:hxdif:-^nmMxnhttfz^m^if^m 

20 ^-ti. 3 2 //mOpSSi^avU 

0. 1 //mOpMr^;U'>'TXi>^j n>ji3 **LT^^ 
Tto pMS^SSh^bvU n>Jl2*OvU nv^gB^aS 

1 0 nmt?*)o/co 
[0 0 8 0] %h^fz^mW^l'(^pMT'^)\^y r 
Vnvg^BtC, /NVl/XipiS 0 ":hy#C0K r Fj:.^ 

+*-S^JStil 0 0-2 0 0mJ/cm2-e*>J). T^;U 
y r :iym^'®X<r>^it'^^ X\t^ 12mmX 

30 1. 7mm'C*ofCo K r F Ix-^f 5:PB#t 

f*: CO W - HS ttlfp <7)pST^;i^-7r>^v^Jn>li<7) ^ffi 

f^B^FE-SEMT*||^L;^Co #^btL;t:jtSMm?'^ 

FE-SEM-CSl^L;^Co Wim^^'y'Jzjym 

x^^^:^:iti)m*^^hitfzo ifc. vVn>*ss*ioffi 
40 :^ft:(ipMT^;^^ r;^ V V =f >S^® J: 0. 8//m 

<r>m^ix^jSL\^x^^fzo 

[0 0 8 1] («JS^J2) n>SiSoSJS^MSi 

tmm^'Lx. ^mv^^i-'knfzo nhftfz^m^m=^ 

(i. riV^^-Ltcl?? 2 ;c/mOpMa«SB^BvU 
il«:*L. mmB^BvUn>Jl_Ltcli:$o. S^/mCOp 

;U'7t>^vU ::7>ilSffi(I|life«?9l ^|W1«(CLT. Kr 
FJi^v-7W---roBB|t«:fir'P7t:f^. ^ffiSMSBOp 
50 mT^)\^yr7.i/^)n>m<omMfm^¥E-S'E.lAX 
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[0 0 8 2] pi!T-=e;v7T;^v'; 

i3V^TTJ4;$iS 1 0 0 nmOv 3 V^fB*i*^^^$^tt 
fco ^v^T-, 9-*MttgtOBfBD* F E - S EMT'MI^ 

ioonmo->>;3> ^faiK**!!^ ? u - Hfra|^#r 

t;^v'J n^'^^Bi 19 0. 8/imO^$*-C±^LT 

10 0 8 31 (Hife^S) v'J =i>-^OiaS5rMrai 
T®T$*TSaiRLyt:B#iai«: 5 O^t L;tl&li*i&«^ 1 

li, V n >*K±tZ)l $ 2 m<0 p M^^B^ V =7 > 
;V7t^->'; 3>g^Mt;|IM0!ll tPl^tcLT. Kr 

F Ji * V T p - CO aH#t -iifi-otzik. -^fm^U <r> p 

MT^^W 7 r X V 'J =f V« oXMff^,^,?: F E - S E Mt? 
S^L/Co 20 

[0 0 8 4) •€-<^*S*. pMT*;l'7 t;^->'J 3 >-)l{c 
iJV^TT^iflS 1 0 0 n mco V >; n Vj^B^STi^il^^tL 
/Co '>;v^r% W--rHB*tgI5<0»fM«r F E - S EMT-H^ 

1 0 0 n m<^ -> 'J 3 v^^bStJ-'H^ ? 1^ - ■^f fiBW^J 

tx->'; a veSKi •) 0. 8 //mcogg$*-e^fiS;LT 

[0 0 8 5] (njfetaj 4 ) V 'J 3 >m^<7)iB.mimiKi 30 

■CteTS-iir-CSilKLfwB^K* 7 0^3-i: L;tflfei±|life«?iJ i 

«i, -> 'J 3 $ 2 m<0 p mW^¥u -> 'J =1 > 

e«:*L. K^^B%->'; 3 Veiled 0. 7A^m<7)p 

;P7r;^v'; ::'>^SM«;||lifB 1 tl^fllt^LT. Kr 
F ro8B|tS-^To fcf^:, V--if HB#j-g|5<7) p 
MT 7 r ;^ -> 'J n >g O^Sf^MS: F E - S E MT* 

[0 0 8 6] pMT*;i'7T^i>>J ::f>^tC 40 

i5V>-C¥:^«iSl 0 0 nmCOv'; :3 >f*B^e:{i«ll^$tl. 
tzo >k\^-^. V - BB was COMM ?r F E - S E M r-||^ 

1 0 0 nmOv'J n>$gS*i;6^'tl^?tL> 1^— fBB|;)-^ 

Jt-^r >- 'J n > *SB^B*S-6*Jffl:*:'fb L T v» ^ ^ i: ji^isd^ii) 

0. 5 ;u m(0^^ i T-L*»^fiS:LTV^:i7)>o/Co 

[0 0 8 7] (ii}fet?!i5) v-v 3>s««ojaj**miaj 
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Til. v-'J 3>^;K±i:Ii:^ 2 A<niOpS«|SB^a>"; =1 
>S«:*L, S^^Sv'J :3 Vg±tCjp$ 1 . O/iitKO 
pl!T*;l'7rX->'; nveSr^frLtrv^yiio iOpMT 

r FJ^+->-7U— ifOBB|t^r^To;tf^, I'-'if M#tSC<7). 
pS!7*;U7r;^->'; n>^<0*H?i^SS:FE - S EM 
t^miLtZo 

[0 0 8 8 J -eoife*, pM7*;i'7rJ^->'; 3>Jiic 

0 0 nm(7)->'Jn>$gS|i!:*?S|^$*t 
;to 'Xv^T-. -• <f HBMSPOWf® * F E - S E MT-«!g 

1 0 0 nm(7)v>J 3 ^^SB^BeTj^Sl^liit, W--)fBB|t^ 

[0 0 8 9] (llJS«aJ6) ^y->7> (s i H4) **;^ 
tv*'7> (BzHs) **;^corS-&>!f^ (*yv'7>'*":^ 
lC*tLT8 p pmOv*'7>*";^«:'^*) Srfflv^, CV 
Dfttci V'; =r>^±{C)|C$ 2 mOpM^*SB^-> 

ijriv^ (K-yg) ^r^mi^tz^ z<r>t^. ->';3> 

*«<7)iaK^8 0 0'Ctc«|^LT2^mS!im«:ffo;to 

<OS«l±> 1 0" cm-3Jil.±T-*o7to ^v^T% -> 
•J 3>^;tS<7)zaK{i-?-c0S itwLT. ^ J \/ ^ y if 7.<r) 

h.-Q\Q^mmti>z.h\zi.y)^ K-7'iiJi{c)?$ 0. 

[0 0 9 0] #'btl./ci|5^#^*?-<^Bf®Il*[ll4 {C^ 
-To 114 lc^$tv-?> J:9lc;$:||M««Jt'#f?tt7t**#:^ 
i^{±, v'>;=i>'S«l±l-)9$2A<mOK-y>B4Sr* 
L, gEK-7'S4±tC)|C?0. 1 /umOy V K-yes 
?r*LTV>fc„ ;&J3. K-T"^ 4 if O 'J n VigSiSO 
¥*^|igl±. 1 0 nmt?*o/Co 

[0 0 9 1] #ibtty::#S«:«^<^>' y 
HJfe^Jl t|^«t-LT, K r FJi*->-7U--if<7>BB|;f^: 

n-ofz^ik. V- mm^<^ y > K - <7)mmj^m ^ f 
E - s E M-eii^ L ;to # <b *ifzM^mm.i-^wm^M 

r¥i^Je^l 1 5 0 n mO -> V 3 V^Sa^stiTSSS^? *l.7te 
^v^T% V--ifHB*tSI5cOBfffi=&FE- S EMT-g^L 
/Co K-7'S4'tCi3>/>T^*^|iSl 0 0 nm 

<7) V'; 3 igse7js«« $ u - -ifBBitfr tcit^T V 

fz. ■> 'J a ym^^t<nm.±mi y y h'-fmmmi:*) 

0. 8 lumOm^tX'^&LX^^fZo 

[0 0 9 2] (m^mmi) ^y'y7yir:^<o^i,zLrm 
mLfzmm^s o^t Lfzmtmmme tmmizLx. 

4i«#:^^Srt#7to ^(t>fifz^^mi^m^li. vVnv^ 
«±tclf $2//mOpMIK^B%v'V K-T* 
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m (K-^^•>^^ftJ^: io'5cm-H:i±) i^L. 

y > K-T'HcO^tSm'P.^FE-SEMT'tl^L^'Co 

[0 0 9 31 -eco^*, y > K-7'et;i3i/^T¥*^*a:S 

1 5 0 nmCOv'; 3>-^S*i**li^SiT.7to 'iCV>T% U 
- ->f BBItSUO »fl5 «r F E - S E MT'SI^ L ;t o -f" Oig 

*^ K-yif + tCfcV^T^i^eSl 0 0 nm<7)->'j n> 

[0 0 9 4] (mmms) ^y'y9>-ff:^<7)^},zLrm: 

(K-/<> hiftJS: 1 0'Scm-3m±) ?:^L. ^ 
K-7'SJiH/P$0, 5A«in<0y V K-rJBSr*L.TV> 
;to CIO/:' K-7'e«ffiH^M{?lll traftilcLT, K 20 

y > K- ■fm'^mmi^miF e - s emt-ik^ tJto 

1 5 0 nm<7)'y') =1 ym&^*^mm^iXfCo >k^^X\ U 
— 9-*BB»i-gl50if®^FE-SEMr-|S«L/-:„ ^ff^m 

K-ye* i^i3v>r¥J*;iiSi 0 0 nmo->'; 

>^B^B*icoffl:*:'fbliy > K-y^ia®J: •) 0. 8 m<^ 
[0 0 9 61 (^mi^9) ^y'y'7>if:^<O^KLXWi: 

mLfc^mi? o^tLfzmimmmetmm^tx. 

re (K-/<>hift«: 1 o'5cin-H:JL±) imL. m 
fzo zoy > h'-ymmmiizmMmi t^mii^i-x. k 

J > K-7'ecO*®?K]^.=Jr F E - S EM-eli!gLyio 

[0 0 9 7] -?-<7)^:^, y > K-7'g(rijv»r¥^*i>*iS 

1 5 0 xs.m<r>'y') •^>m^^-h^Wi^'^iXfz. '-k^^X'. V 
-• <fMStSPOBfW«:FE-SEM-em^L;to -eOig 
*, K-7'@tt'lcisv^T¥*^iK:Sl 0 0 nmOv'Jn^ 

J^56*m;*:fb L T ^ c: t *«it54'i6 lb ix/co t L ^ jJ^ 

(±y > K-yeSHJ: 19 0. 5yumOgi§i-eL*^4.fi8: 

X^X^^tiis^-ofZo 

[0 0 9 81 (Hi&tnil 0) *y i^TV^'^cO^lCLT 
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>*1S±lclf[$ 2 A/ nKOpM^^B^av'; a>e75^c>'t-5. 
K-yJl (K-^N'VhiS*: 1 0'5cm-3JiiL±) 
L> ^tS^^B V V 3 »i±t-)?S 1 . 0 /u moy > K- 
7*§**LTv^;t:o ioy > K-T'^SHlcHiSt^e t 
I^^CLT, K r FJ:.+ v-vl^--if(7)eH|t^;{f of^m. 

1^ - •y-'fiBftlfCo T * ;u 7 T ;^ V 'J a > Ji o*®?^ji 4- F 
E-SEM-en^tytio 

[0 0 9 9] ^O^^, y > K-T'iiHiiv^T^i^^iS 
1 5 0 nmOv'; r7>^BB*S75?g|^$tT.7to ^V^T% U 
-• ifP-BS+SBOifS^r F E - S EMtrH^ t/Co -eo^ 

^B^aliTi^SI^ ? tt. w - -if BBftfr Jt-^T -> 3 > Mfa 

m3m-XVC\^X^^-^h:^tim.*^^h'IXfz^ X^t^X^-fiif 

h , HifetRi 6 - 8 t •) , -> >; 3 >'*SB^B«ioffl:*c-f(: 

tiy K-ySSffiJ: •} 0. 5//mO«g$tr-L*^*^ 

[0 10 0] (iii&^di 1) *y->7> (s i H4) 

xi:v.i?7> (BzHe) if 7.<r>^%if 7. {^J'y7>if 
Xtci4-Lr8 p pinCOv'.-}?^ 4:fflv», C 

v'j 3>-^;j»ib!ts (K-/^•>^^SJ^: lo's 

cm-H:JL±) iJfi'^Lfzo iOtS, >"j3>3|«(0ia 
JSSrS 0 0X:iz«MtLr2^IHISSIBItfTofco ^^^X. 

iSJKSr^y->9>**xcoo. 1 p pmicLT 1 0:9-SSM 
-f-5.ii:t;J: "Jx K-reitcjp? 0. l/£in<^y>K 
-7*^^ffML. ^^^i^m^imzo 'tis, y>K-7' 
Ji4'i~iiit-5> K-/^•> h <r>mwt. lO'^c 

[0 10 1] l#t>iX7t4^##:^?-coy > K-7'^«®tc 
1 i:l^«l(CLr. K r FJ-^vvlx— <fcoBB*t^ 

E - s E M-eiR^ L^co # t> *vfcjt*Mm^am¥* 

4:1116 tc^fo 0 6 ic^-f J; ^ yyK-7'KC:fev^ 
T¥J*;egl 5 0 nm<7>->U ::i y^^n^^mm^UfZo 

>k^^x. i^—*f?mu<^mmi:F E - S EMT-II^ L 

tzo -eofe*, K-7'Stt'tCi5V>T¥l*;iK@l 0 0 nm 

CO V 'J 3 > $ tL, V - -If BB|;f|5f Jt-^ T V 

fz. V u 3 >m^iSL<oiS.±^m>' > K-ys^W i •) 
0. 8 ftmff>m^iX-^mLX\,>fZo 
[0 10 2] (iti^0!ll ) ^y v9> (S i H4) 
tv^'-K^V (B2H6) if7.(r>m.^ifx y^yy-h'T. 
lC*tLT8 p pin<Ov5K9>*';^=Sr-^*) CV 
Dftlr J: 1} 3 >3l«±lcl?§ 2 /i m<^ p ffltS^g, v 

';3>ji (K-/N->hjgs: 1 o'5cm-H:i.±) 4?i^« 
^m.'fim^^wz. icot#, v'j3>^(oia]S 

Sr8 0 OCUiltjf LT2I^Hi8IK«:=fTo;to #«c>tL;t* 
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feilfi. 1 0 nmT-*ofCo 
[0103] # lb *v;^>:iti«#:?Ri^<7) p v U n 

10 10 4] (Stnmz) ^y'y9> is iKa) if:^ 
tV^'yy (BaHe) ii T.n'Si^ii' 7. 'yy^ifT. 
tCJtLTS p pmO->Mf9>*';^*-t-*) «rfflv\ CV 

^i&Wu\^tzc z<7)t^. 'y')=iym^<Di^Siiso ox: 

OSJS i± o f f {- L r . v' 7 > coit J5 
7>*-;^0 1 p pmlcLTl 0^»«-r^.ii:UJ: l) . 
pMo»llSifeS->';3>e±t-I?$0. l^/mOpM 
<0SI2«*gB^v'; 3>S (K->'^>fiftJS: 1 015 cm 

[0 10 5] #4>*t;t*«#:^^Of^2«Siea->'J3> 

^Sffic. mmmi tmm~Lx. KrFJ^+->-7u- 

>eo*B?i^®«rFE-SEM-eiS^L/Co -f-Oig*. 

^ 2 um^B -> 3 >^ 1 0 n mco -> 3 > 
^fifzo Lfzii^ox^ mmj:v'm2»^^By')=iym 

U is v» -c i± -> 'J 3 ^ «SB^;K<^ffi:fe'fb*^^ i: r V > V ^ c t 

[01061 ±u<r>mtfim 1 ~ 5 (ommi)-h. ^i^s v 

'J 3 > i (ig^^B^B -> 'J 3 > 75^ lb ^ * «Sb^b14 ■> 3 »s 

-> 'J 3 l^— If Sr HS»ti- S CI t U J: t) > ^b^b14 
V a w V 'J 3 >ifeSiK**a*<bi-^ t i: () ic. 

7 ^ .(W 7 r -> 3 y^-^fm^lt-t ^Zt i^W: ^ix.fzo 

ifc, T*;u7r;^v"; 3>gco)|:$**o. Sfimirm 

t**t>*^o/io — T^^v^ rX->'; 3V)l<D)l$;i? 
0. 5 mmTT-ab-S^i-^li. T^^l-^ 7 v 3 >g 
*S*- «b ggSB tc t) o T V U 3 > iteSi!fe<oa:*:^k*»^ t 
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[0 10 7] tfz. ±mco^mm6'~- 1 i<7)^m^h. 
K-/^•> hco#;firfi;e.n o's cm-HJ.±-eab-i.. #^fB 

v'J 3>t7t(i^>feSv'>; 3>:*^t>^r-i, K-rSiH, 

->"j 3>S7t(iS^^B^a->'; 3>:6-lb't^y > 

J: 19. y V K-T'^iJiOf K-T'S+OvU 3>i^SiK: 
/4*«:^^Li--5. Zt^'TT.^ Kfzo i fz. J > Y--rm<r>W- 
10 $75*0. 5//m^:®x.-5>^'g-li. V 3 v^B^g^lJi^ia;^ 
fb-r.2>SP55-(±y > K-y^SM^O-ib^fjO. 5;um<0|Effl 

0. 5 ;u mJiJ.TT-*);!,:^'^!*, 7 > K-T'S^ffi^ei^ibj^ 

i)^ofzo 

[0108] ttz. \m.m 1 ~ 2 oig**»<b, msL±.<,z 

> h 0-§-*»75^M^ ^^ig^B V 3 >@ ^ 2 L 

20 ±) I'— fflglttcj: I) ->i; 3>igB^BiS<0tt:^<bii4: 

[0 10 9] ^?km<r>:HmKLfzt^'ox±mmM 
*^*«t. -?-Ol4tgfF«^ffo;t (*ife«12~2 

0) o 

[0 110] mmmi 2) ^nmm\^is<,^^±mmM 
(ov^m-n^^mm (1219) *#BBtoosi?gi-^o -r^ 

*y v-7 V (S i H4) (B 
2H6) ifx<7)is.^if:^ (^y v7>3!r;^icWLT8 p p 

JO 3>^l JiUJp?2;«m<7)pl[«*SBli>"J3>g2S: 
?^*L;to C:oi:§, v'J 3 >^ K^ias^r 8 0 0 1: 
t;«Hf LT2Bf^S^^=ff oTto ^v^T% ->';3>'^« 
1 <OiaS=^^SiT-fg:T$^-«i:l 0 ^SIKI" t (CJ; 
•9, pMWi^^'y') ^ym2±Km^ 0. l/zmCOpS 
r^;P7r;^->'J 3>e^r?i^^Lf>:o ^t::. pliT*;v 
7t;^->'J 3>^S®t-, J^^>;u^--^JS 5 0 Om J/" 
c <OBB|^^^^t=tr/^■;^;^.lll§ 3 0 7 #<7) K r F -> 
•7V-Hf Sr.BBJ^f V- 3 ym^)&<om.±it^'if-ofzc 
[0111] >J V «r-t-tr#H^T-e, ««ia««: 800 

40 "Ct LT-ty->9>**XSrfflv^r2 0 ^SSPi"-?. i t 
X'O.m^O. 3/imOnM|g^^B^B->'J3>Sl O^JI^ 
•rconM^*SB^B>";3>§i 0*ffilC*=i-LT. i 
*;u^-|5jS5 0 Om J/cm2<r)HEi|^^#-f>'N*;i'>5.i|B 
3 0 -f-y^^CDK r Fa:.^vTU— If !&HB|^t. V V 3 V 
i^S*i(Offl:^fbS:ffof>:o 

[0 112] >X^^X\ V')v{^9yTUV:^ h^ffl 

mi 2im'^Ltzo $<btc, v'j 3>|g^i icats^s 

50 1 4 t3iJiPLr*:^«?lb4rf^»iLyio 
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[0 113] (3l*fe^l 3- 1 5) i>'J nv^^Oiait 
^SiaiT-&TS^-ti-?SlliL/jB#H=t 3 0^. 5 0^?-. 7 

0. Syttin, 0. 5fxm^ 0. 7 in<0pM7*;i'7 r 
[0 114] (HifetRIl 6) *y->7> (S i H4) 

;^t^/'-K9> (BzHs) ffx(r>m.^:ff:^ (*y->9>*" 

XUitLTl 2 p pmC0v***7 >**;^?r-^*) Srfflv^ 
CVDfelCi 1) v'J 3>^;K±(C|lf ? 2 yumCOpSiiig 

?r?fMLfwo c:<ot#. 

3>»«OSft«r8 0 0'Ctc^i#LT2^IBI«BI«:1fo 

■?^) OiftiSli. 1 0'5 cm-HJ,±-e*o/c„ >k^^X\ 

jftafSr^/v^v^'XcOO. 1 p pmtlU-C 1 0^S8)R 

K-7'ii±lcJP$ 0. lyum<7)y>K 

y^Vh (-i^-?^) <?5jftS(±, 1 O's cm-3*ji-e*o 
[0 115] y > K-7')l^®ic, 

S500mJ/cm2 <OBBM^#Tv%VP;?.$I 3 0 ^ 

[0 116] ^v^T% y > K--/«icM y^-i^y^K 

[0 1171 mmmi 7 -2 0) r^^'7>ifx(DWkm 

y >*"X<7)0. 1 p pm(cLrSJ)KL;'^B$rfl=Sr 
3 0:8-. 5 0^, 7O:0-. 1 0 OjJ-i: L, K-ygi 
IC, -J-ix-PttiP? 0. 0. 0. 7/u 

[0 118] ±%immmi 2-2 or-#f>*v7t*:^m?ife 

*i:i6Tlill Otr^U^to ^riJ. Illl0(c»i, v'Jn^ 
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(0 1 1 9] mi Ol^^S^tt^idlC, 0. 1-0. 5 
/u mOpMT^^U-7 tX->'J n i/>:(±0. 1~ 

0. 5 ^m<r>y y V--fm^m\z\y-'fiw,MLX^ -> 

b^Lhixh {%mm 1-11 #fl8) o 

[0 12 0] 

I? § -r^^iSjg; < ssit-r -5 i t **iirt6ij, ##j<^ss^<^ 

«r Jl«-r * i i: 3*»^li t * o 
[BIM<Offi^^;i!i?g] 

[Bill £«Jil-Bfi6;?nf^#ttvU nveou-'if* 
1- ^ RS=f ^ ^ ^1- 0 T- ^ o 
20 [H 2 1 1 T-» lb *tfc#«#3g^OBflill «: ^"T 

IEir*ab-5>o 

[031 V— 9-*BB|;tf*<^, 3IM{Rlior^;i'7T 

[US] v--'fHB*i-»o, nifeweo/ V K--/@o^ 
[1161 \y-^'mmk<r>. mmmi i<oy>K-7's<o 

50 [H 7 ] )iM.m 1 r-t#ibtt;t:*«ft^^=-c7)»f®ll*^-r 

[n 8 1 v-mm'ik<r>^ itmm 1 oMi^fp v a >g 
[1191 %mm \ 2xnhKi-z±mn.m<r)mmm^7r^-t 

[H 1 0 ] 12-20 •C»^h,;t*:I^Sflt<03tS 

[^f-^<75Uiegl 

2-pM8tigSv'J nve, 3-p 
40 Mr^^l^^rXv-U n>^, 4 — K-7*)i. 5 — />K 
-yg. 1 0-nfflmS->'; 3 12-»?g^ 

1 4 -^MrnHo 
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(72)|&M# itrt BSI* 

(72)iseq# nm ^- 



(72)|&^# ^r-}- 

(72)|feW# lUP 

«^n»m?STtr5E«iiir7y«ii#«i ^*pja 

F 5^ - A (##) 5F051 AA03 AA04 AA16 CA14 CB12 
.CB14 CB15 CB19 CB25 CB29 
DA03 GA02 GA03 6A04 
5F052 AA02 BB07 CA10 DA01 DA02 
DB01 DB03 0B05 DB07 EA02 
FAOO JA09 
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